ABSTRACT. The aim of this study was to separate, purify, and identify Salmonella paratyphi A flagellin, and to prepare its antisera. Primary flagellin was isolated from S. paratyphi A using the acid lysis method. The flagellin was purified with weak anion exchange chromatography and the protein was identified with sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), Western blot, and negative staining with phosphotungstic acid with scanning electron microscopy (SEM). The production of the obtained flagellin was then quantified. New Zealand white rabbits were then immunized with the isolated flagellin, the presence of serum anti-flagellin antibodies was assessed with the immunoblot test, and its potency was determined with the double immunodiffusion test. The results of SDS-PAGE showed that the molecular weight (m.w.) of the purified flagellin was 52 x 10 showed that the flagellin was filamentous. These three results showed that the protein was homogeneous. The protein quantification analysis found that 4.8 ± 0.5 mg flagellin could be extracted per 1 g wet weight bacteria. The titer of the anti-flagellin antiserum was 1:64. Through this method, we obtained high productions of flagellin, which could be easily purified, identified, and prepared into high titer antiserum.
INTRODUCTION
Sepsis is one of the major causes of acute lung injury (ALI)/acute respiratory distress syndrome (ARDS) (Michalska et al., 2009; Rodríguez-Moyado, 2011; Parsons et al., 2011; Dhokarh et al., 2012) . Usually, sepsis refers to the release of lipopolysaccharides (LPS) by bacteria resulting in ALI or even ARDS (Sadowitz et al., 2011) . In recent years, some studies have reported that in addition to sepsis, the LPS outer flagellin is also an important factor for inducing ALI/ARDS (Faezi et al., 2011; Zhang et al., 2011) . Commercial kits are usually used to verify the role of flagellin in ALI/ARDS, which is a convenient but expensive method. Homemade flagellin could greatly reduce these costs. Flagellin separation and purification protocols have been reported (Fey and Wetzstein, 1975) , including expanding the culture of bacteria, collecting the bacteria, detaching flagellin from the thallus using different methods, and purifying. However, the separation process may bring forth other proteins due to the medium or due to released proteins during bacterium rupturing, which can partially denature the flagellin. These potential complications make purification a challenge, and even make it impossible to obtain purified flagellin under some circumstances.
In order to improve the yield of the bacteria while simultaneously maintaining its stable physicochemical properties, we improved the medium and the lysis of bacteria using a simple method. The high molecular weight proteins were substituted by amino acids, and the flagellin was detached from the thallus under different pH conditions. This process is expected to increase the production of flagellin and make it easier to purify and identify, which will provide the basis for the preparation of its antiserum.
MATERIAL AND METHODS
The following reagents were used: broth (homemade), anti-Salmonella typhi flagellin monoclonal antibody (Inotek Pharmaceuticals, Zhengzhou Biossay Bioengineering), horseradish peroxidase (HRP)-conjugated goat anti-mouse IgG antibody (Zhongshan), concentrated DAB-colored solution (Zhongshan), nitrocellulose membrane (Roche), Coomassie blue R250 (China), and a total protein assay kit (Nanjing Jiancheng Bioengineering Institute); all other ordinary reagents were of analytical grade. S. paratyphi A was provided by the clinical laboratory bacteriology rooms of our hospital, and was generated from the standard strain ACTT 25922 (provided by the Clinical Laboratory Center of the Ministry of Health). The following instruments were used: vertical protein electrophoresis groove (Pow2erPAC300, Bio2Rad; USA), gel imaging density analysis system and density analysis software Quantity One (Bio2Rad, USA), electric transfer instrument (DYY III406, Beijing Bacterial culture and the preliminary separation of flagellin S. paratyphi A strains were vaccinated to blood agar at 37° ± 2°C and cultured for 16-18 h to ensure the bacterial resuscitation. A single colony was selected and inoculated in 10 mL homemade medium. The medium was placed on a constant temperature shaking table at 100 rpm at 37° ± 2°C and incubated for 16-18 h. The colony was then transplanted to 500 mL homemade broth, incubated under the same conditions for 16-18 h, centrifuged at 4°C at 1500 rpm for 30 min, and the supernatant was removed to collect the bacteria. The bacteria were dissolved in 5 mL saline and the pH was adjusted to 2.0 with 1 M HCl. The suspension was concentrated at 4°C at 1500 rpm for 30 min and the supernatant was removed to collect the bacteria. The bacteria were dissolved in 5 mL saline and the pH was adjusted to 2.0 with 1 M HCl. The suspension was continued at 4°C at 1500 rpm for 30 min and the supernatant was removed to collect the bacteria. The bacteria were dissolved in 5 mL saline and the pH was adjusted to 2.0 with 1 M HCl. The suspension was continuously stirred for 30 min at room temperature and the pH was maintained at 2.0. The suspension was then centrifuged at 4°C at 1500 rpm for 30 min, the deposit was discarded, the supernatant was collected, the pH was adjusted to 7.2 using 1 M NaOH, and 2.67 M (NH 4 ) 2 SO 4 were slowly added and the solution was continuously stirred. The liquid mixture was incubated overnight at 4°C, and then centrifuged at 4°C at 30,000 rpm for 15 min. The supernatant was removed, and the deposit was collected, dissolved in 5 mL double distilled water, and preserved at 4°C.
The crude flagellin was subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) with 4% stacking gel (upper gel) and 1% separating gel (lower gel) as the separating carriers (see Sambrook and Russell, 1989 for details).
Purification of flagellin
For desalination, 20 mM phosphate-buffered saline (PBS) were used as the balance and elution buffer, and the pH was adjusted to 6.0 with HCl. The desalting Hiprep 26/10 column (53 mL column bed volume) was connected to the AKTA Explorer, and the desalting column was balanced with equilibration buffer at a 5 mL/min flow rate. Two bed column volumes (10 6 mL) were balanced and the solution was monitored at UV 280, 254, and 215 nm until the three curves were horizontal. The sample volume was 10% of the bed volume, and 5 mL crude flagellin was injected to a 50 mL sample loop at a 3 mL/min flow rate with a syringe. The solution was eluted with elution buffer at a 5-mL/min flow rate. The eluted protein was collected at the first peak, and 2 mL protein was placed in each tube. After the salt peak outflow, the sample was run a second time until the three curves were horizontal, and this process was repeated three times until all of the crude flagellin solution was desalinated. The desalination product was stored at 4°C.
For weak anion exchange chromatography, 20 mM PBS were used as the starting buffer, the pH was adjusted to 6.0 with HCl, and 20 mM PBS were used as the elution buffer with the pH adjusted to 6.0 with 1 M NaCl. The Hiprep16/10 DEAE FF weak anion exchange chromatographer was connected to the AKTA Explorer, rinsed with 100 mL elution buffer, and then balanced with 100 mL starting buffer at a 5-mL/min flow rate. The solution was monitored at UV 280, 254, and 215 nm until the three curves were horizontal. The desalination product was injected to a 50-mL sample loop at a 5-mL/min flow rate. After outflow of all the peaks, the liquid was balanced with starting buffer until the monitoring curve was horizontal. Salinity gradient elution was performed by adding less than 200 mL elution buffer at a 5-mL/min flow rate to increase the NaCl concentration from 0 to 1 M. Two milliliters eluted protein was placed into heat source-removed collection tubes and stored at -70°C after freeze-drying.
Identification of purified flagellin
Crude flagellin was subjected to SDS-PAGE on 4% stacking gel (upper gel) and 1% separating gel (lower gel) as the separating carriers (Sambrook and Russell, 1989; Rodrí-guez-Moyado, 2011) . For Western blot (Sambrook and Russell, 1989; Rodríguez-Moyado, 2011) analysis, purified flagellin was electrophoresed and transferred onto the nitrocellulose membrane. The membrane was blocked for 4 h at room temperature with 1% non-fat dry milk, and then incubated with 1:1000 mouse anti-Munich typhoid Salmonella flagellin monoclonal antibody overnight at room temperature. The membrane was washed three times with Tris-buffered saline with Tween (TBST) for 10 min each time, and was then incubated with 1:1000 HRP-conjugated goat anti-mouse IgG antibody for 3 h at room temperature. The membrane was washed three times with TBST, stained with DAB for 10 min, and the results were observed.
For negative staining, the lyophilized flagellin was dissolved in 2 mL double-distilled water, and then 1-drop flagellin solution was added to the copper mesh and was let stand for 10 min. After the protein was partially homogeneously deposited onto the copper mesh, the copper mesh was transferred to the wax board,1 drop 2% phosphotungstic acid was added, and the solution was maintained at pH 7.41 with 1 M KOH. The flagellin was stained for 5 min and the copper mesh was removed. The morphology of the negatively stained flagellin was recorded under scanning electron microscopy (SEM). The quantification of flagellin was made using Coomassie blue assay.
Preparation, identification, and titer determination of rabbit anti-flagellin antiserum Following Tang et al. (2011) , we added 3 mL 0.16 mg/mL prepared flagellin to 3 mL PBS buffer and 3 mL complete Freund's adjuvant. The mixture was shaken to achieve complete emulsification. One-milliliter mixture was multi-point subcutaneously injected in rabbits. After 2 weeks, incomplete Freund's adjuvant and half dose flagellin were used for repeated injections. During the immunization, the production of antibody was examined in the marginal ear vein. If the titer ≥1:16 before one week, the immunization was strengthened. Rabbits were killed by bloodletting from the carotid artery, and the serum was separated from the blood.
Western blot was used to identify the rabbit anti-flagellin antibodies in serum (Sambrook and Russell, 1989) . Purified flagellin was electrophoresed and transferred onto the nitrocellulose membrane. The membrane was blocked for 4 h at room temperature with 1% non-fat dry milk, and then incubated with 1:10 flagellin antiserum overnight at room temperature. The membrane was washed three times with TBST for 10 min each time, and incubated with 1:1000 HRP-conjugated goat anti-rabbit IgG antibody for 3 h at room temperature. The membrane was washed three times with TBST, stained with DAB for 10 min, and the results were observed.
The antiserum titer was examined by using the double immune diffusion method (Sambrook and Russell, 1989) , and then preserved at -70°C.
RESULTS

Extraction and detection of crude flagellin
S. paratyphi A was amplified, cultured in homemade liquid medium, and collected. We obtained flagellin-enriched solutions in different pH environments under different centrifugal speeds. Crude flagellin was obtained through the (NH 4 ) 2 SO 4 salting-out method.
The gel imaging system analysis by SDS-PAGE showed that the protein bar band was mainly located at the 52 x 10 3 molecular weight (m.w.) position, which confirmed that flagellin was indeed the structural protein of the filamentous portion of the Salmonella flagella (i.e., H antigens), which is 40-60 x 10 3 m.w. (Liaudet et al., 2003) , indicating the successful extraction of the crude flagellin (Figure 1) . 
Purification of crude flagellin through the AKTA explorer
After the crude flagellin protein was sampled into the desalination system, the eluted protein was collected when the first protein peak emerged according to the system settings (mainly flagellin). The protein was sampled again after the salt peak outflow until the desalination process was completed (Figure 2 ). After desalination, the protein solution was concentrated and purified by weak anion exchange chromatography. The eluted protein was collected when the protein peak emerged according to the system settings for flagellin (Figure 3) . The purified flagellin protein was freeze-dried and preserved at -70°C. 
SDS-PAGE, Western blot, and SEM radiography analysis
The purified product was confirmed to be flagellin. The SDS-PAGE assay and gel imaging system analysis showed that the purified protein product had only one protein band at 52 x 10 3 m.w., as shown in Figure 4 . Western blot analysis showed that the reaction product of purified protein product and the anti-Munich S. typhi flagellin monoclonal antibody had a single band at 52 x 10 3 m.w. (Figure 5 ). After negative staining with phosphotungstic acid, the SEM results showed that the purified protein was filamentous, indicating that the filament substance was indeed flagellin (Figure 6 ). 
Quantification of flagellin
For every 1 g wet weight S. paratyphi A, 8 ± 0.5 mg flagellin could be obtained.
Identification and titer determination of rabbit anti-flagellin antiserum
Western blotting analysis showed that the purified protein product could react with flagellin antiserum, and a single band was located at 52 x 10 3 m.w., indicating that the flagellin antiserum preparation was successful (Figure 7) . 
DISCUSSION
Flagellin is the structural protein (i.e., H antigens) of the filamentous portion of Salmonella flagella (including the base portion, the hook portion, and the filamentous portion), with a m.w. of 40-60 x 10 3 (Liaudet et al., 2002 (Liaudet et al., , 2003 . In recent years, studies have shown that flagellin can cause immune responses through the Toll-like receptor. In sepsis, flagellin is a particularly important inflammatory stimulus, which leads to the expression of proinflammatory mediators through monocytes (Ciacci-Woolwine et al., 1998; McDermott et al., 2000; Moors et al., 2001 ) and intestinal epithelial cells (Eaves-Pyles et al., 2001; Gewirtz et al., 2001; Mizel et al., 2003; Chabot et al., 2008; Ivison et al., 2010 Ivison et al., , 2011 Carvalho et al., 2012a,b) . Therefore, it is very necessary to study the role of flagellin. Before this can be accomplished, however, its purified product must first be obtained. In contrast to other methods of extracting flagellin, our method is simple and direct, and requires only 3 days to obtain crude flagellin with relatively high purity. SDS-PAGE analysis showed only a single band, indicating high purity of the extracted crude flagellin, which was almost completely free of other proteins. In order to improve the production of flagellin, researchers generally increase the protein quantity of the medium, which results in difficulties for protein purification, particularly when the components of the medium have an m.w. that is similar to that of flagellin, making it difficult or even impossible to effectively purify the protein. Some researchers have used the mechanical milling method to detach flagellin from the cell, which results in O antigen shedding, cell fracturing, and protein release, thus increasing the difficulty of purification. Heat production in the process of the ultrasonic method causes protein denaturation (Fey and Wetzstein, 1975) , resulting in changes of the protein's physicochemical properties and biological activity. Therefore, we here used a simple procedure to improve the medium and methods of bacterial lysis: the protein was substituted by amino acids in the medium, and flagellin was detached from cells under different pH conditions. Using the improved method, the crude flagellin obtained had relatively high purity. These results demonstrated that the purification process is relatively easy, making it easier to obtain a high yield of flagellin, thereby reducing the cost and time required.
The nutrients of the medium used in the acid lysis method were all substances of low molecular weight, which could all be cleared under different pH conditions at different centrifugal speeds. Almost all of the obtained crude flagellin was located at the 52 x 10 3 m.w. position, which confirmed that the relatively pure protein could be obtained with this method.
For in-depth studies of flagellin, a high purity product is required under certain circumstances, such as in the production of flagellin-induced animal ALI models. When preparing the flagellin antibody with immunized animals, further purification is needed to obtain high purity product in order to exclude the impact of other components in the crude protein.
When purifying the protein, we used the AKTA Explorer system, an automated protein purification system that was quick and easy to use. The isoelectric point (pI) of S. paratyphi A flagellin is around 4.9, and is a negatively charged protein; therefore, we used a weak anion exchange column. The choice of ion exchange conditions and salt gradient are key factors that affect the purification of the protein. In weak ion exchange, the pH of the balance solution and the sample should be higher than the pI value by one or more units, and the salt concentration should preferably be between 20-50 mM. Therefore, we here used 20 mM PBS, pH 6.0, buffer as the balance solution, which enabled the negatively charged target protein to bond well with the positive groups on the ion exchange column. In gradient elution, a common salt gradient, pH gradient, or both, are commonly used. Since the salt gradient is easy to regulate and is more commonly used, salt gradient elution was used in this experiment, with a gradient of 0 to 100% completed within 10 column bed volumes. The results showed that under the above conditions, we could obtain a pure target protein by electrophoresis.
The purified protein was identified with SDS-PAGE, Western blot, phosphotungstic acid negative staining, and electron microscopy radiography. SDS-PAGE and Western blot analysis showed purified flagellin protein bands at 52 x 10 3 m.w., and electron microscope radiography showed that the flagellin was filamentous, exhibiting the same morphology as that extracted using other methods. Collectively, these results confirmed that the protein was indeed flagellin and that it was uniform.
It was relatively simple and quick to immunize the New Zealand white rabbits with purified flagellin, taking approximately two months to produce high titer antisera (up to 1:64). The antiserum showed strips located at 52 x 10 3 m.w. in immunoblotting analyses, indicating that there was flagellin antibody in the antiserum and that the flagellin antiserum was successfully prepared. By using the methods described above, we could quickly obtain a high amount of purified flagellin and quickly immunize New Zealand white rabbits to produce high titer antiserum, which will provide the baseline material for studying flagellin-induced and antagonistic sepsis-induced inflammatory injury.
